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Abstract. The proteolytic changes in beef and pork during the storage in refrigerated or frozen 
form have been monitored in order to optimize the storage time and temperatures in storage rooms. 
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INTRODUCTION 
 
The proteolytic changes in meat begin after muscular rigidity and are produced by the 
action of the hydrolytic enzymes of the muscular tissue which are contained in the cellular 
organelles named lysosome where, in the intact lysosome, they are content in latent form 
(Locker). 
The proteolytic activity of the muscular chatepsins is facilitated by the existence of an 
optimal pH (5.5) for their activation. The mechanical processing of meat, especially the 
cuterization and also the refrigeration, produces optimal conditions for the rupture of the 
lysosomes’ membrane. The proteolytic activity of muscular chatepsins depends on the 
physiological activity of the muscle: thus, “red" muscles are quicker autolyzed as compared to 
the “white” muscles. 
Landmann has shown that the poteolytic activity of the skeletal muscular tissue is 
owed to a group of enzymes out of which some are activated by Fe 2+ and they have an 
optimal pH of 5, and others are activated by the EDTA with an optimal pH of 9. It has been 
discovered that the activity of the muscular chatepsins is taught at pH of 2-2.5 and that it has 
the maximum value at a pH of about 6. It has been also shown that for the entire muscle kept 
at +4ºC the activity under aseptic autolysis produces an increase of the non-protein nitrogen. 
In this way the proteins are decomposed in a rate of 6% in the conditions of aseptic storage of 
beef at 0-2.2ºC for 180 days. It is believed that especially the sarcoplasmatic proteins are 
affected as compared to the myofibrillar proteins. It has become apparent that the proteins of 
the myogenic group are less affected during the storage of the muscular tissue at +4ºC, the 
values identified for various post-mortem periods being nearly constant. The decrease of the 
sarcoplasmatic proteins is supposed to be determined by their interaction with non-protein 
substances and also by some degradation and aggregation processes of the sarcoplasmatic 
proteins, processes which are controlled by the pH. 
Depending on the cool preservation methods used, on the length of the storage and on 
the characteristics of the preserved meat, during the storage of meat in refrigerated or frozen 
form it occurs a more or less advanced proteolysis. 
The proteolytic activity has the highest value 48 hours after death when it increases 2-
2.25 times as compared to the initial value at 2 hours after death. 
After 120 hours of storage in refrigerate form it became apparent a decrease of the 
proteolytic activity of the muscle, but higher than the initial value.   
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The degradation of the muscular tissue proteins after the death determines the 
tenderness of meat. 
The much matured the meat is, the much advanced is the proteolysis degree and the 
tenderness of meat is more pregnant expressed. The storage temperature of refrigerated meat 
has a powerful influence on the maturation and tenderness of meat. There are some studies in 
this field which have shown that 90 % of the tenderness of meat during the storage time at 2-4 
°C is due to the isoenzymes of the calpains group. The activity of the enzymatic systems 
seems to be influenced by evolution of the Ca ions in meat and also by the pH in meat.  
 
MATERIALS AND METHODS 
 
 There have been taken 10 samples of beef and pork within 24 hours form slaughtering, 
after refrigeration and during refrigeration at 0-4°C. The examination took places 5, 10, 15, 20 
days later for beef and 3, 6, 9 days later for pork. 
 For at -18°C deep-frozen and stored meat, the sampling and examination took place 
after freezing and later during storage in deep-frozen form, after 2, 4 and respectively 8 
months for pork and after 3, 6, 12 month for beef.  
 In order to study the evolution of meat proteolysis in refrigerated and frozen meat 
there have been determined: the water content, the pH value, total nitrogen, urea nitrogen, 
ammoniacal nitrogen and protein splitting rate, by using the standard methods. 
 
RESULTS AND DISCUSSIONS 
 
The results obtained are presented in Tab. 1, 2, 3 and 4.  
At the moment the beef comes out from the rigidity phase it has a pH value of 6.0, a 
water content of 82.2 %, a total nitrogen content of 2.77 g%, a proteins content of 17.31 g%, 
an urea nitrogen content of 124 mg%, an ammoniacal nitrogen content of 13.6 mg %, and 
during storage at 0-4 C , during meat maturation the pH value in meat increases from 6.0 to 
6.25, the water content decreases from 82.28 to 75.1 %, the total nitrogen decreases from  
2.77 to 2.36 g%, the ammonia content increases from 13.6 to 28.5 mg% and the urea nitrogen 
content increases from 124 to 160 mg%. The values recorded at the end of the validity time 
of beef are placed at the highest allowed limit for relative fresh meat. 
In pork, during the storage, the pH value increases from 5.7 to 6.2, the water content 
decreases from 68 to 60.5%, the total nitrogen content decreases from 2.92 la 2.65 g%, the 
ammonia content increases from 17.8 to 30.6 mg % and the urea nitrogen content increases 
from 115 to 150 mg %.  
The beef stored in frozen form has a lower level of proteolysis as compared to the 
beef stored in refrigerated form. The pH value increases from 6.0 to 6.3, the water content 
decreases from 82.28 to 75.5%, total nitrogen content decreases from 2.8 to 2.5 g%, the 
ammoniacal nitrogen content increases from 18 to 30,4 mg %, the urea nitrogen content 
increases from 120 to 150 mg %. 
For pork stored in frozen form the pH value increases from 5.8 to 6.2, the water 
content decreases from 68 to 59%, the total nitrogen content decreases from 2.94 to 2.7 g%, 
the ammoniacal nitrogen content increases from 17 to 30.5 mg % and the urea nitrogen 
content increases from 110 to 160 mg %. 
These physical and chemical changes prove that during the storage of pork in frozen 
form the activity of the proteolytic enzymes is very much inhibited but not fully. 
 
170 
 
 
Tab. 1. 
The dynamics of some biochemical changes in beef during storage in refrigerated form at -4°C  
(Industrial conditions) n=10 
 
Ser.: 
no. 
Description 
pH Water Total 
nitrogen Proteins Ammonia 
Urea nitrogen 
c 
Protein splitting rate Aminoacids 
 g% g% g% mg% mg% N-NH2x100 N-NH3x100 mg% raw prot. Total N Total N 
1 After refrigeration 6.00 82.28 2.77 17.31 13.6 124 4.47 0.49 84.69 
2 After 5 days 6.10 80.17 2.60 16.25 18.50 139 5.34 0.71  
3 After 10 days 6.16 78.90 2.50 15.62 21.40 146 5.84 0.85 153.74 
4 After 15 days 6.20 76.60 2.48 15.50 23.00 154 6.20 0.92  
5 After 20 days 6.25 75.10 2.36 14.75 28.50 160 6.78 1.20 202.06 
 
 
 
 
 
Tab. 2. 
The dynamics of some biochemical changes in pork during storage in refrigerated form at -4°C  
(Industrial conditions) n=10 
 
Ser.: 
no. 
Description 
pH Water Total 
nitrogen Proteins Ammonia 
Urea nitrogen 
c 
Protein splitting rate Aminoacids 
 g% g% g% mg% mg% N-NH2x100 N-NH3x100 mg% raw prot. Total N Total N 
1 Before refrigeration 5.70 68.00 2.92 18.25 17.80 115 3.93 0.60 83.58 
2 After refrigeration 5.80 65.00 2.90 18.12 18.70 126 4.34 0.64 91.87 
3 After 3 days 6.00 62.00 2.80 17.50 23.40 130 4.64 0.83  
4 After 6 days 6.05 61.00 2.70 16.87 28.50 140 5.18 1.05 201.42 
5 After 9 days 6.20 60.5 2.65 16.56 30.60 150 5.66 1.15 275.05 
 
 
 
 
 
171 
 
 
Tab. 3. 
The dynamics of some biochemical changes in beef during storage in deep-frozen form at -18°C 
(industrial conditions) n=10 
 
Ser.: 
no. 
Description 
pH Water Total 
nitrogen Proteins Ammonia 
Urea nitrogen 
c 
Protein splitting rate Aminoacids 
 g% g% g% mg% mg% N-NH2x100 N-NH3x100 Mg % raw prot. Total N Total N 
1 Before freezing 6.00 82.00 2.80 17.50 18.00 120 4.28 0.64 56.46 
2 Short after freezing 6.10 80.00 2.79 17.43 18.50 140 5.01 0.66 72.23 
3 3 months after freezing 6.15 78.50 2.70 16.87 25.50 145 5.37 0.94  
4 6 month after freezing 6.20 76.60 2.60 16.25 27.60 148 5.69 1.06  
5 12 months after freezing 6.30 75.50 2.50 15.62 30.40 150 6.00 1.21 195.89 
 
 
 
 
 
Tab. 4 
The dynamics of some biochemical changes in pork during storage in deep-frozen form at -18°C  
(Industrial conditions) n=10 
 
Ser. 
no. 
Description 
pH Water Total 
nitrogen Proteins Ammonia 
Urea nitrogen 
c 
Protein splitting rate Aminoacids 
 g% g% g% mg% mg% N-NH2x100 N-NH3x100 mg% raw prot. Total N Total N 
1 Before after freezing 5.80 68.00 2.94 18.37 17.50 110 3.74 0.59 83.37 
2 Short after freezing 5.90 66.00 2.90 18.12 18.50 125 4.31 0.63 88.20 
3 2 months after freezing 6.00 64.00 2.85 17.81 19.20 128 4.49 0.67  
4 4 month after freezing 6.04 61.00 2.80 17.50 26.50 145 5.17 0.94  
5 8 months after freezing 6.20 59.00 2.70 16.87 30.50 160 5.92 1.13 259.75 
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CONCLUSIONS 
 
1. The maturation of meat is influenced by the temperature and storage time of meat 
after slaughtering. 
2. During storage of beef and pork in refrigerated form there takes place a weight 
loos due to dehydration of meat, increases of pH value due to the depletion of the lactic acid 
reserves and accumulation of alkaline products. The average content of total nitrogen and 
proteins decrease due to the degradation of proteins, the content of ammonia and urea 
nitrogen increases up to the limit valid for relative fresh meat. The protein splitting rate 
proportionally increases to the proteolytic activity in meat. 
3. In deep-frozen beef and pork the physical and chemical changes are slower during 
the storage as compared to the refrigerated meat. 
4. During the storage of refrigerated beef the organoleptic changes occur after 20 
days and in the chase of pork after 10 days. 
5. The frozen beef suffers organoleptic changes after 12 month of storage at -18 °C 
and pork suffers organoleptic changes after 8 months of storage in frozen form. 
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